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Abstract: Epithelial-to-mesenchymal transition (EMT) is a process for fully differentiated epithelial cells to undergo
a phenotypic change to fibroblasts via diverse intracellular signaling pathways. While the pivotal role of fibroblasts
in renal fibrosis is widely accepted, their origin remains undefined. In addition, although a large number of studies
have provided evidence of EMT in human kidney diseases, specific signaling pathways leading to EMT have not
yet been discovered in humans. To evaluate the origin of interstitial fibroblasts and signaling pathways involved in
the EMT process, we analyzed the differential expression of EMT-related molecules in paraffin-fixed sections from
19 human fibrotic kidneys and 4 control kidneys. In human fibrotic kidneys, tubular epithelial cells (TECs) with
intact tubular basement membrane (TBM) showed loss or down-regulation of an epithelial marker (E-cadherin),
de novo expression of mesenchymal markers (vimentin and fibronectin), and significant up-regulation of inducers
and mediators controlling the EMT process (transforming growth factor-B1 (TGF-B1), p-Smad2/3, B1-integrin, p38
mitogen-activated protein kinase (MAPK), WNT5B and B-catenin) in the areas of interstitial inflammation and fibro-
sis, compared with their expression in control kidneys. In conclusion, the type Il EMT process in humans is thought
to be an adaptive response of TECs to chronic injury and is regulated by interconnections of TGF-B/Smad, integrin/
integrin-linked kinase (ILK) and wnt/B-catenin signaling pathways.
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Introduction is little evidence regarding the origin of intersti-
tial fibroblasts except two studies previous con-
Progression of chronic kidney disease (CKD), ducted using renal biopsies by Jinde et al. and
characterized by deposition of extracellular Rastaldi et al. [4, 5], which have been cited in
matrix (ECM), is an irreversible process which several review papers [6, 7].
eventually leads to tubulointerstitial fibrosis
and progressive loss of kidney function [1]. EMT is defined as a phenotypic change of fully
While the key role of matrix-producing fibro- differentiated epithelial cells to matrix-produc-
blasts in renal fibrogenesis is widely accepted, ing fibroblasts [8]. It is characterized by the loss
their origin leading to fibrosis is still controver- of epithelial characteristics (E-cadherin) and
sial. Strutz et al. demonstrated that TECs can the acquisition of a mesenchymal phenotype
co-express fibroblast markers in disease (vimentin and fibronectin) [8, 9]. According to
states, postulating for the first time the possi- the functional consequences and biological
bility of EMT [2]. A challenging study by lwano et context, EMT is divided into three subtypes
al. showed that the cell lineage-tracing tech- [9-11]; type | EMT occurs during embryogene-
nique using reporter genes demonstrates inter- sis, in which it produces motile cells but does
stitial fibroblasts derived from renal proximal not lead to ECM deposition or intravascular

tubules [3]. However, in human kidneys, there invasion. Type Il EMT induces a morphogenetic
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Figure 1. A simplified schematic shows the major intracellular signal transduction pathways that regulate the epi-
thelial-to-mesenchymal transition (EMT) process in fibrotic kidneys. EMT is a complex biological process through the
TGF-B1, integrin/ILK or wnt/B-catenin signaling pathway. These pathways are intricately interconnected and con-
verged by activation of B-catenin. TGF-B1 is a chief inducer of the EMT process, and p-Smad2/3, p38 MAPK and ILK
function as mediators of the TGF-B1 signaling pathway. (TGF-B1, transforming growth factor-1; p-Smad2/3, phos-
phorylated-Smad2/3; MAPK, mitogen-activated protein kinase; GSK-3B, glycogen synthase kinase-3B; ILK, integrin-
linked kinase; Fzd, frizzled receptors; LRP 5/6, low density lipoprotein receptor-related protein 5/6; Dvl, Disheveled;
APC, adenomatosis polyposis coli; TCF/LEF-1 complex, T cell factor/lymphoid enhancer-binding factor-1 complex).

change during organ fibrosis or wound healing,
which is associated with ECM production and
muscle-like characteristics. Type Il EMT is
involved in carcinoma-metastatic transition.

EMT is a complex biological process through
the TGF-B/Smad [6, 8, 12, 13], TGF-B/non-
Smad [6, 14-16], integrin/ILK [6, 8, 17] or wnt/
B-catenin [6, 18-20] signaling pathway, which is
induced by a wide variety of stimuli such as
TGF-B41, wnt protein, and ECM. Figure 1 shows
the major intracellular signaling pathways regu-
lating the EMT process with reference to the
simplified figure in Liu’s papers [6, 8], which are
intricately interconnected and converged by
activation of B-catenin, a good controller of the
EMT process [6, 18]. Despite a large number of
papers on the evidence of EMT and a great deal
of intense studies on signaling pathways lead-
ing to EMT, we still do not know which signaling
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pathway is involved in human renal fibroge-
nesis.

Therefore, the aims of this study were to (1)
examine the phenotypic changes of TECs by
evaluating the expression of epithelial and
mesenchymal biomarkers and (2) identify the
signaling pathway involved in tubular EMT in
human fibrotic kidneys by evaluating the
expression of EMT-related inducers and intra-
cellular mediators.

Materials and methods

Patient and kidney tissue

Twenty three patients who underwent nephrec-
tomy at Dague Catholic Medical Center from

January 2006 to December 2011 were select-
ed for the current study. Nineteen patients

Int J Clin Exp Pathol 2013;6(9):1747-1758



EMT in human renal fibrogenesis

Table 1. Summary of demographic and clinical data of 23 patients

Case No. Sex/Age (yr) Diagnosis S-Cr (mg/dL) U-albumin U-RBC (per HPF)  U-WBC (per HPF)
1" M/25 Rupture 0.9 NS NS NS
2" M/31 Rupture 0.9 NS NS NS
3" M/46 Rupture 1.0 NS NS NS
4* M/49 Rupture 1.2 NS NS NS
5 M/ 74 NL, CPN 2.1 - 1-3 10-20
6 F/52 A (ESK) 0.9 - 1-3 > 30
7 M/ 47 HN, CPN 1.9 2+ 0-1 0-1
8 M/55 HN, CPN 1.1 1+ 1-3 1-3
9 F/75 HN (ESK) 0.9 Trace 0-1 0-1
10 M/48 A (ESK) 1.2 - 0-1 > 30
11 M/67 HN, CPN 1.1 - 35 > 30
12 F/51 HN, NL, CPN 0.7 - 1-3 > 30
13 M/77 A (ESK), CPN 1.7 Trace 0-1 > 30
14 M/71 HN, CPN 1.2 - 3-5 20-30
15 F/74 HN, CPN 1.0 Trace 35 0-1
16 M/70 HN, CPN 1.4 2+ 0-1 0-1
17 F/65 NL, CPN 0.8 2+ 1-3 > 30
18 F/69 HN, CPN 0.8 Trace 0-1 0-1
19 M/29 HN, CPN 1.0 1+ 0-1 0-1
20 M/80 MCCs, CPN 2.1 2+ 20-30 20-30
21 F/21 HN, CPN 3.3 2+ 35 0-1
22 M/57 A (ESK), CPN 1.3 - 0-1 0-1
23 F/71 HN, NL, CPN 1.6 3+ > 30 > 30

No, number; yr, years; S, serum; Cr, creatinine (reference range: 0.6-1.5 mg/dL); U, urine; RBC, red blood cell (reference range:
M: 0-1/HPF, F: 0-1/HPF); HPF, high power field; WBC, white blood cell (reference range: M: 0-1/HPF, F: 0-3/HPF); *, control; M,
male; F, female; NS, not specific; NL, nephrolithiasis; CPN, chronic pyelonephritis; -, absent; +, present; A, atrophy; ESK, end

stage kidney; HN, hydronephrosis; MCCs, multiple cortical cysts.

Table 2. List of antibodies used for immunohistochemistry

Antibody Clone/Source Supplier Dilution
Epithelial biomarker
E-cadherin Monoclonal rabbit Cell signaling technology, # 3195 1:200
Mesenchymal biomarker
Vimentin Monoclonal mouse BD Biosciences, 550513 1:200
Fibronectin Monoclonal mouse Santa Cruz Biotechnology, sc-71113 1:100
EMT-related molecules
TGF-B1 Polyclonal rabbit Santa Cruz Biotechnology, sc-146 1:100
p-Smad2/3 Polyclonal goat Santa Cruz Biotechnology, sc-11769 1:50
B1-integrin Monoclonal rabbit Epitomics, # 1798-1 1:100
p38 MAPK Monoclonal rabbit Epitomics, # 1544-1 1:100
WNT5B Polyclonal rabbit Epitomics, # T3288 1:100
B-catenin Polyclonal rabbit Epitomics, ab6302 1:200

EMT, epithelial to mesenchymal transition; TGF-B1, transforming growth factor-1; p-Smad2/3, phosphorylated-Smad 2/3;

MAPK, mitogen-activated protein kinase.

(male:female = 11:8, mean age: 62 years)
underwent nephrectomy because of hydrone-
phrosis, nephrolithiasis or renal atrophy along
with chronic pyelonephritis. Four kidneys which
were traumatically ruptured (males, mean age:
37.5 years) were used as controls. Tumor infil-
tration was excluded from this study. The demo-
graphic and clinical data of all patients are
summarized in Table 1. Hematuria was defined
as three or greater red blood cells (RBCs) per
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high power filed (HPF) on urinalysis with micros-
copy [21]. Pyuria was defined as the presence
of more than 5-8 white blood cells (WBCs) per
HPF of unspun, voided mid-stream urine [22].

Immunohistochemical staining
Four um-thick sections were prepared from rep-

resentative 10% formalin-fixed, paraffin-emb-
edded tissues for immunohistochemical stud-
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Figure 2. Differential expression of E-cadherin in the proximal and distal tubules of human kidney. A: E-cadherin is
widely expressed in the distal tubules and collecting ducts, but not in the proximal tubules. B: The proximal tubule
demonstrates a characteristic brush border (periodic acid Shiff). Scale bars: 50 pm.

ies. Immunohistochemical stains were per-
formed mostly using an Autostainer (Bond-Max,
Leica, USA). Primary antibodies used are sum-
marized in Table 2. p-Smad2/3 staining was
manually performed. Briefly, 4 um-thick sec-
tions from each paraffin block were cut, depar-
affinized with xylene and rehydrated with a
graded series of ethanol solutions. After wash-
ing with 1% phosphate-buffered saline (PBS)
three times for 5 min, the slides were immersed
in 30% H,0, in methanol at room temperature
for 15 min to inhibit endogenous peroxidase.
After washing as described above, the slides
were treated with proteinase K (20 pg/ml) and
incubated in a humidified chamber at 37°C for
15 min for antigen retrieval. The slides were
boiled with 0.1 M citrate buffer (pH 6.0) in a
microwave oven for 10 min, and then left at
room temperature for 20 min to cool down.
After washing with PBS, the primary antibody
against p-Smad2/3 was applied to the tissue
sections. The slides were incubated in a humid-
ified chamber at 37°C for 1 hour or overnight at
4°C. After washing with PBS, labeling was done
using the streptavidin-biotin immunoperoxi-
dase method with a commercial kit (LSAB Kkit,
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DAKO, USA). Tissues were visualized using dia-
minobenzidine (DAB) as a chromogene to pro-
duce a brown color. Counterstaining was per-
formed with Mayer’'s hematoxylin. The slides
were hydrated with ethanol solutions starting
from 70% to 100%, and then mounted. Serial
sections were stained with individual anti-
bodies.

Analysis of immunohistochemical staining

A negative/positive relative scale was used to
grade the amount of E-cadherin immunostain-
ing: negative (-), loss or reduced membrane
expression of E-cadherin; and positive (+), pre-
served membrane expression of E-cadherin in
TECs. A semiquantitative assessment of vimen-
tin, fibronectin, TGF-B1, p-Smad2/3, B1 integ-
rin, p38 MAPK and WNT5B staining in TECs was
performed as follows: -, no immunostaining; +,
less than 10% immunostaining; ++, 10% to
25% immunostaining; +++, 25% to 50% immu-
nostaining, and ++++, greater than 50% immu-
nostaining. For [-catenin, cytoplasmic and
nuclear staining of TECs was assessed as
described above. The results were analyzed
independently by two pathologists, who were

Int J Clin Exp Pathol 2013;6(9):1747-1758
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Figure 3. Expression of biomarkers suggesting phenotypic transition in human fibrotic kidneys. A-C: In the control
kidney, E-cadherin (A), an epithelial biomarker, is strongly expressed in the cytoplasmic membrane of distal tubular
and collecting duct epithelial cells. Vimentin (B) and fibronectin (C), mesenchymal biomarkers, are not expressed in
tubular epithelial cells. A few scattered interstitial cells and smooth muscle cells of blood vessels express vimentin.
D-F: In the fibrotic kidney, the expression of E-cadherin (D) is significantly decreased in cuboidal epithelial cells with
intact tubular basement membrane surrounding interstitial inflammation and fibrosis. On the other hand, de novo
expression of vimentin (E) and fibronectin (F) is observed in tubular epithelial cells in the areas of interstitial inflam-

mation and fibrosis. Scale bars: 50 pm.

unaware of the patients’ clinicopathologic vari-
ables. Images were captured by a digital cam-
era with OLYMPUS (Tokyo, Japan) BX51 micros-

copy.

Statistical analysis

Comparisons between the groups were asse-
ssed by Fisher’s exact test. A value of P < 0.05
was considered statistically significant. All sta-
tistical analyses were performed by the soft-
ware IBM SPSS Statistics 19.0 (IBM Corp.,
Armonk, NY, USA).

Results
Normal human kidneys

The expression of E-cadherin appeared in TECs
of the distal tubules and collecting ducts rather
than in TECs of the proximal tubules (Figures
2A and 3A). Periodic acid Schiff (PAS) stain
demonstrated a characteristic brush border of
the proximal tubule that was not stained by
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E-cadherin (Figure 2B). The expression of vim-
entin was observed in smooth muscle cells of
blood vessels and in a few scattered interstitial
cells, but not in TECs (Figure 3B). The expres-
sion of fibronectin, TGF-B1, p-Smad2/3, p38
MAPK, and WNT5B was not identified in TECs
(Figures 3C, 4A, 4B, 4D and 5A). On the other
hand, B1 integrin was weakly expressed in TECs
(Figure 4C). B-catenin was expressed in the
cytoplasmic membranes of TECs (Figure 5B).

Expression of biomarkers suggesting pheno-
typic transition in human fibrotic kidneys

Phenotypic change of TECs was examined on
the basis of loss or decrease of the epithelial
marker, E-cadherin, and de novo expression of
mesenchymal markers, vimentin and fibronec-
tin. The expression of E-cadherin was shown to
disappear or decrease in some TECs of each
case (Figure 3D). On the other hand, vimentin
was expressed in a large number of cuboidal or
flattened epithelial cells with intact or damaged
TBM in all cases (Figure 3E). The expression of

Int J Clin Exp Pathol 2013;6(9):1747-1758
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Figure 4. Expression of molecules involved in the TGF-B signaling and integrin/integrin-linked kinase (ILK) signaling
pathways in human fibrotic kidneys. A-D: In the control kidney, tubular epithelial cells do not express TGF-B1 (A),
p-Smad2/3 (B) and p38 MAPK (D). On the other hand, tubular epithelial cells weakly express Bl-integrin (C). E-H:
In the fibrotic kidney, expression of TGF-B1 (E), p-Smad2/3 (F) and Bl-integrin (G) is observed in some cuboidal
epithelial cells with intact tubular basement membrane surrounding interstitial inflammation and fibrosis. However,

the expression of p38 MAPK (H) is not detected in tubular epithelial cells. Scale bars: 50 pm.

fibronectin was detected in a small number of
TECs (Figure 3F). The differential expression of
these EMT-related biomarkers was marked in
the areas of interstitial inflammation and
fibrosis.

Expression of molecules involved in the TGF-3
signaling and integrin-linked kinase (ILK) sig-
naling pathways in the type Il EMT process

We analyzed the tubular expression of mole-
cules involved in each pathway of TGF-B1/
Smad, TGF-B1/non-Smad and integrin/ILK sig-
naling. The expression of TGF-B1, p-Smad2/3
and B1 integrin was regulated significantly
upward in some TECs with intact TBM in the
areas of interstitial inflammation and fibrosis
(Figure 4E-G). However, the expression of p38
MAPK, an intracellular mediator of TGF-B1/
non-Smad pathway, was not detected in TECs
(Figure 4H).

Expression of molecules involved in the wnt/(3-
catenin signaling pathway in the type Il EMT
process

In human fibrotic kidneys, a large number of

TECs with intact TBM showed up-regulation of
WNT5B and B-catenin, accompanied by nuclear
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staining (Figure 5C and 5D). A few interstitial
cells in the areas of inflammation and fibrosis
were also stained for WNT5B and [B-catenin.
The differential expression of type Il EMT-
related molecules and possible signaling path-
ways in human renal fibrogenesis are summa-
rized in Table 3.

Relationship between clinical data and EMT-
related signaling pathways

We compared the clinical parameters reflecting
renal function by each of the EMT-related sig-
naling pathways. Associations between serum
creatinine, proteinuria, hematuria or pyuria and
EMT-related signaling pathways were not statis-
tically significant (Table 4).

Discussion

Accumulation of interstitial fibroblasts is asso-
ciated with progressive renal fibrosis, resulting
in end-stage renal failure [1]. In renal fibrogen-
esis, several cell types are known to undergo
phenotypic transition to matrix-producing inter-
stitial fibroblasts after injury, participating in
type Il EMT; TECs [2, 3, 23], resident interstitial
fibroblasts [24], circulating fibrocytes [23, 24],

Int J Clin Exp Pathol 2013;6(9):1747-1758
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Figure 5. Expression of molecules involved in the wnt/B-catenin signaling pathway in human fibrotic kidneys. A, B:
In the control kidney, tubular epithelial cells do not express WNT5B (A). Membranous expression of -catenin (B)
in tubular epithelial cells is characteristic. C, D: In the fibrotic kidney, a large number of tubular epithelial cells with
intact basement membrane show up-regulation of WNT5B (C) and B-catenin (D) accompanied by positive nuclear
staining. Several interstitial cells in the areas of interstitial inflammation and fibrosis are also positive for WNT5B
and B-catenin. Scale bars: A, C =50 ym, B, D =20 uym.

vascular pericytes [25], endothelial cells [26]
and glomerular podocytes [27]. Tubular EMT is
a highly regulated process consisting of four
steps [28]; (1) loss of epithelial cell adhesion,
(2) de novo expression of mesenchymal mark-
ers such as a-SMA and reorganization of actin
cytoskeleton, (3) disruption of TBM, and (4)
enhancement of cell migration and invasion.
The current study demonstrated a phenotypic
transition of a large number of TECs that lost
their epithelial phenotype and acquired mesen-
chymal features, by observing the loss or
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decreased expression of E-cadherin and de
novo expression of vimentin and fibronectin in
the areas of interstitial inflammation and fibro-
sis. These findings suggest additional evidence
for the possibility of tubular EMT during renal
fibrosis in humans. An additional finding in this
study is that E-cadherin expression was abun-
dant in the distal tubules and collecting ducts,
but not in the proximal tubules of normal kid-
neys. This finding is similar to the result of Chea
and coworker which showed high expression of
E-cadherin in human distal tubules [29].

Int J Clin Exp Pathol 2013;6(9):1747-1758
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Table 3. Overview of the differential expression of EMT-related molecules and possible signaling pathways in human renal fibrogenesis

Case Epithelial biomarker Mesenchymal biomarkers Signaling molecules (Inducers and mediators) Pathway involved in type Il EMT
No. E-cadherin Vimentin Fibronectin  TGF-B1 p-Smad2/3 Bl-integrin p38 MAPK WNT5B [B-catenin

1" + - - - - - - - - -
2° + - - - - - - - - -
3" + - - - - - - - - -
4" + - - - - - - - - -

5 - +++ + ++ ++ + - ++ ++ 1,2,3
6 ++ - - - - - +++ ++ 3

7 - ++ + + - - 1,2
8 - +++ - + + + - + + 1,2,3
9 - ++ - - - - - ++ + 3
10 - ++ - + + - +++ ++ 1,2,3
11 - ++ - + ++ - + + 1,2,3
12 - +++ - + ++ ++ - + + 1,2,3
13 - ++ - + + + - + + 1,2,3
14 - ++ - + + + - + + 1,2,3
15 - +++ ++ ++ ++ ++ - - + 1,2
16 - +++ - + + + - + + 1,2,3
17 - ++ - - - - - + + 3
18 - ++ - + + + - + + 1,2,3
19 - +++ - - - - - + + 3
20 - ++ - + + + - ++ + 1,2,3
21 - + - - - . R + + 3
22 - ++ - - - - - ++ + 3
23 - ++ - + + + - + + 1,2,3

No, number; *, control; TGF-B1, transforming growth factor-B1; p-Smad2/3, phosphorylated-Smad2/3; MAPK, mitogen-activated protein kinase; EMT, epithelial to mesenchymal transi-
tion. In cases of E-cadherin stain, positive (+), preserved membrane expression of E-cadherin; negative (-), loss or reduced membrane expression of E-cadherin in tubular epithelial
cells. In cases of vimentin, fibronectin, TGF-1, p-Smad2/3, B1 integrin, p38 MAPK, and WNT5B stains, -, no immunostaining; +, less than 10% immunostaining; ++, 10% to 25%
immunostaining; +++, 25% to 50% immunostaining, and ++++, greater than 50% immunostaining. For B-catenin, the same scale for nuclear staining was applied. In cases of involved
pathway, 1, TGF-B/Smad; 2, integrin/ILK; 3, wnt/B-catenin signaling pathway.
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Table 4. Relationship between clinical data and EMT-related signaling pathways

EMT-related signaling pathways

No. of involved signaling pathways

Variable TGF-B/Smad Integrin/ILK Wnt/B-catenin 1 2 3
(n=13) (n=13) (n=17) (n=6) (n=2) (n=11)

S-Cr> 1.5 mg/dL
- 8 (61.5%) 8 (61.5%) 12 (70.6%) 5(26.3%) 1(5.3%) 7 (36.8%)
+ 5 (38.5%) 5 (38.5%) 5 (29.4%) 1 (5.3%) 1(5.3%) 4(21.1%)
p-valuef 0.605 0.605 1.000 0.635

Proteinuria
- 5 (38.5%) 5 (38.5%) 7 (41.2%) 2 (10.5%) 0 (0%) 5 (26.3%)
+ 8 (61.5%) 8 (61.5%) 10 (58.8%) 4(21.1%) 2(10.5%) 6 (31.6%)
p-value® 1.000 1.000 0.509 0.804

Hematuria
- 8 (61.5%) 8 (61.5%) 12 (70.6%) 5(26.3%) 1(5.3%) 7(36.8%)
+ 5 (38.5%) 5 (38.5%) 5 (29.4%) 1 (5.3%) 1(5.3%) 4(21.1%)
p-valuef 0.605 0.605 1.000 0.635

Pyuria

5 (38.5%) 5 (38.5%) 7 (41.2%) 4(21.1%) 2 (10.5%) 3(15.8%)

+ 8 (61.5%) 8 (61.5%) 10 (58.8%) 2 (10.5%) 0 (0%) 8 (42.1%)
p-valuef 0.350 0.350 0.211 0.095

EMT, epithelial to mesenchymal transition; No, number; TGF-, transforming growth factor-B; ILK, integrin-linked kinase; S,
serum; Cr, creatinine; -, absent; +, present; Calculated by Fisher’s exact tests for categorical variables; Hematuria, defined as >
3 red blood cells per high power field on urinalysis with microscopy; Pyuria, defined as > 5-8 white blood cell per high power field

of unspun, mid-stream urine.

In fact, in human tissues, it is impossible to
identify a serial process showing a change from
TECs to fibroblasts, followed by disruption of
the integrity of TBM and then migration into the
interstitium. Only a histologic ‘snapshot’ exhib-
iting the coexistence of epithelial and mesen-
chymal markers can be used to identify transi-
tioning TECs in the midst of the EMT process,
like in previous studies using human renal biop-
sies [4, 5]. Moreover, it is difficult to differenti-
ate whether the expression of EMT-related mol-
ecules in damaged tubular cells means transi-
tioning tubular cells or entered interstitial fibro-
blasts into the tubules through the damaged
TBM. However, if TECs with intact TBM express
EMT-related molecules, it clearly indicates
TECs in the midst of the EMT process. In the
present study, this phenotypic change was
observed in TECs with intact TBM, and the
majority of TECs still preserved their distinctive
cuboidal appearance.

Renal fibrosis is generally considered a failure
of tissue injury/repair response, which is close-
ly associated with chronic interstitial inflamma-
tion [1, 2, 6]. In response to various environ-
mental or injurious stimuli, TECs produce vari-
ous chemokines and cytokines, and attract
various inflammatory cells to the tubulointersti-
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tial space [1, 2, 6]. Infiltrating cells in turn pro-
duce proinflammatory cytokine IL-1, profibrotic
cytokine TGF-B1, and other cytokines, estab-
lishing a fibrogenic environment in the intersti-
tial space that drives phenotypic transition of
TECs [6]. On the other hand, Akt [16, 30] and
Snail [31] are known to play an important role in
modulating cell survival during the EMT pro-
cess (Figure 1). In the current study, apoptosis
of TECs was rarely observed even in the areas
of severe interstitial inflammation. This finding
suggests that tubular EMT could be an adap-
tive response of TECs to chronic injury for the
sake of escaping apoptosis, as mentioned by
Liu [6].

EMT is a complex biological process, involving
the TGF-B/Smad, TGF-B/non-Smad, Integrin/
ILK, or wnt/B-catenin signaling pathway. In the
TGF-B/Smad pathway, TGF-B1-mediated activa-
tion of Smad2 and Smad3 leads to forming
complexes with Smad4, which then enter the
nucleus where they control the transcription of
various TGF-B1 responsive EMT-related genes,
such as ILK, Bl-integrin, Wnt, Snail, and so on
(Figure 1) [6, 8, 12, 13]. In the current study,
cuboidal or flattened tubular cells showed sig-
nificant up-regulation of p-Smad2/3 expres-
sion in the areas of interstitial inflammation

Int J Clin Exp Pathol 2013;6(9):1747-1758
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and fibrosis. The up-regulation of p-Smad2/3
expression corresponded to the increase of
TGF-B1 expression. Moreover, there was a high-
ly significant correlation between the expres-
sion of TGF-B1 and p-Smad2/3 and the expres-
sion of TGF-B1 responsive EMT-related genes
including B1-integrin and WNT5B in TECs (case
No. 5, 7, 8, 10-16, 18, 20 and 23). TGF-B1-
induced, Smad-dependent expression of
B1-integrin or WNT5B in TECs suggests that the
TGF-B/Smad signaling pathway is involved in
the tubular EMT process in human fibrotic kid-
neys. Despite the well-known crucial role of
TGF-B1 in the EMT process, the reason why
TGF-B1 was not widely expressed in TECs may
be that TGF-B1 is involved as an inducer in the
early step of the tubular EMT process [28].

The TGF-B1 signaling pathway is mainly medi-
ated by Smad proteins. However, via a Smad-
independent pathway, TGF-B1 can also activate
p38 MAPK, leading to stabilization of 3-catenin
by escaping from ubiquitin-mediated degrada-
tion. Nuclear translocation of B-catenin in turn
increases the transcription of the TGF-f1
responsive EMT-related gene (Figure 1) [6,
14-16]. In the present study, TECs did not
express p38 MAPK at all. Thus, the TGF-f1/
non-Smad signaling pathway may not be
involved in the tubular EMT process in human
fibrotic kidneys.

ILK expression in TECs can be induced by TGF-
B1 or ECM [6, 8]. TGF-Bl-induced, Smad-
dependent ILK activation phosphorylates and
activates Akt, leading to suppression of apopto-
sis and inhibition of GSK-3p [6, 8, 17, 30]. This
signal transduction participates in the EMT pro-
cess through action of B-catenin [6, 8, 17].
ECM-induced ILK expression also inhibits GSK-
3B, and then stabilizes B-catenin, resulting in
EMT (Figure 1) [6, 8]. In the current study, 13
cases presented increased expression of TGF-
B1, p-Smad2/3, TGF-B1 responsive EMT-
related genes (Bl-integrin or WNT5B) and
B-catenin without expressing p38 MAPK in
TECs (case No. 5, 7, 8, 10-16, 18, 20 and 23).
Thus, TGF-Bl-induced, Smad-dependent ILK
expression in TECs indicates the possibility of
tubular EMT via the Integrin/ILK signaling path-
way. However, the possibility of co-existence of
the TGF-B1/Smad and wnt/B-catenin signaling
pathways cannot be completely excluded.

Wnt proteins, a highly conserved family of
secreted growth factors, interact with frizzled
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(Fzd) receptors and co-receptors of low density
lipoprotein receptor-related protein (LRP) 5/6,
inducing a serial of downstream signaling
events involving Disheveled (Dvl), axin, adeno-
matosis polyposis coli (APC) and GSK-3pB. This
signal transduction leads to stabilization and
nuclear translocation of B-catenin. B-catenin
then binds to the T cell factor/ lymphoid
enhancer-binding factor-1 (TCF/LEF-1) complex,
stimulating transcription of [B-catenin target
genes such as Snail, Twist, LEF-1, and so on
(Figure 1) [6, 18-20]. Although WNT5B is not
up-regulated in the renal fibrosis of UUO mouse
models [20, 32], the current study showed that
WNT5B expression is indeed significantly up-
regulated. The expression of WNT5B, accompa-
nied by up-regulation of only -catenin, sug-
gests the occurrence of tubular EMT via the
wnt/B-catenin signaling pathway in human fib-
rotic kidneys (case No. 6, 9, 17, 19, 21 and 22).

The expression of proteins involved in specific
signaling pathways leading to EMT was definite-
ly observed in TECs, consistent with the results
of in vitro or in vivo studies that showed trans-
differentiation of TECs to fibroblasts via each
signaling pathway [12, 14, 17, 18]. Therefore,
the current study provides the possibility of
tubular EMT through complex interconnections
of the TGF-B/Smad, integrin/ILK and wnt/j-
catenin signaling pathways rather than through
one signaling pathway during renal fibrosis in
humans. Although we superficially examined
the signaling pathways leading to EMT through
a diverse immunohistochemical staining proce-
dures, we hope that this study can contribute to
the understanding of the mechanism leading to
renal fibrosis in humans.

In conclusion, TECs in the areas of interstitial
inflammation and fibrosis showed decreased
expression of epithelial biomarkers and de
novo expression of mesenchymal biomarkers,
showing significant correlation with increased
expression of EMT-related inducers and media-
tors. In human fibrotic kidneys, the type Il EMT
process is thought to be an adaptive response
of TECs to chronic injury and is regulated by
interconnections of the TGF-B/Smad, integrin/
ILK and wnt/B-catenin signaling pathways.
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